Objectives The purpose of this study was to examine the effect of cigarette smoking on plasma uric acid concentration and to determine the correlation between this parameter and the biological tobacco markers, plasma thiocyanate and urinary cotinine. Methods The initial study was conducted on 300 subjects; 138 of them were nonsmokers (62 men and 76 women) aged 14-72 years and 162 were current smokers (145 men and 17 women) aged 16-85 years. Uric acid, creatinine, and urinary cotinine were determined by the enzymatic colorimetric method and plasma thiocyanate by selective electrode. Results Plasma uric acid concentration was significantly lower in smokers than in nonsmokers. A statistically significant negative correlation was noted between the smoking status parameters, including both the number of cigarettes smoked/day (F 3-161 = 12.063; r = -0.9968; p = 0.0001) and the duration of smoking (F 3-161 = 1.305; r = -0.9406; p = 0.0274), and the plasma uric acid. Among smokers, we noted a negative correlation between uric acid and both plasma thiocyanates (r = -0.437; p \ 0.05) and urinary cotinine (r = -0.580; p \ 0.05). Conclusion After excluding the other factors affecting the uric acid levels, the significant low plasma uric acid in smokers was attributed to a reduction of the endogenous production as a result of the chronic exposure to cigarette smoke that is a significant source of oxidative stress. Therefore, it is recommended to stop or reduce smoking and to introduce plasma uric acid estimation as a routine test, since it is cheap and simple to reflect the antioxidant level.
Introduction
Cigarette smoking is known to contribute to many diseases, including cancer, chronic obstructive pulmonary disease, stroke, cardiovascular diseases, and peptic ulcers [1, 2] . Investigators have attempted to elucidate the mechanisms of the pathogenesis associated with cigarette smoking, but the conclusions were not consistent. A basic hypothesis is that free radicals cause oxidative damage to macromolecules such as lipids, proteins, and DNA. Therefore, these radicals play an important role in the pathogenesis of diseases [3] . In accordance with this theory, antioxidants are believed to play important roles in resisting damage from oxidative stress resulting from cigarette smoking. Several studies were conducted concerning the relationship between smoking and antioxidants, focusing on the differences of the effect of antioxidants between smokers and nonsmokers. However, the results were controversial.
As cigarette smoke contains superoxide and reactive nitrogen species that readily react with various biomolecules, it has been hypothesized that some of the adverse effects of smoking may result from the oxidative damage to the endothelial cells, which results in nitric oxide deficiency. Nitric oxide regulates the vascular tone and its deficiency accelerates the insufficiency of the coronary artery and vasoconstriction in different tissues. Therefore, the imbalance between oxidants and antioxidants may play an important role in the smoker [4] . In addition, cigarette smokers have increased inflammatory responses that further enhance their oxidative stress; in humans, uric acid is the most abundant aqueous antioxidant, accounting for up to 60% of serum free radical scavenging capacity, and it is an important intracellular free radical scavenger during metabolic stress, including smoking [5, 6] . The measurement of its serum level, therefore, reflects the antioxidant capacity [7] . Nicotine is the main substance that results in addiction to smoking. Because nicotine is a substance specific to cigarette smoking, it can be used as a marker for the number of cigarettes consumed [8] . Therefore, it allows to quantify the amount that a subject smokes. Nicotine metabolites, including cotinine, nicotine-N-oxide, and a number of derivatives, offer a priority consideration. These are more accurate than other biomarkers such as carboxyhemoglobin or carbon monoxide, which are not predictors of the number of cigarettes smoked. In addition, such biomarkers may be present as a result of exposure to other environmental factors [8] .
The aim of this study was to demonstrate the possible effect of smoking on plasma uric acid concentration and to determine the correlation between this parameter and the biological tobacco markers, plasma thiocyanate and urinary cotinine.
Materials and methods

Study design
Population
The initial study was conducted on 300 voluntary subjects; 138 of them were nonsmokers (62 men and 76 women) aged 35.6 ± 16.0 years and 162 were current smokers (145 men and 17 women) aged 38.0 ± 17.5 years. This study had been approved by the local ethical committee. Written informed consent was obtained from all voluntary adult participants and from the parents of minors.
Samples
For plasma uric acid, creatinine, and thiocyanates, venous blood was drawn in tubes containing lithium heparinate and it was immediately centrifuged. The plasma samples were stored at -20°C until analysis. Urine samples were obtained from the smokers and nonsmokers. These samples were either used on the same day or frozen at -20°C until they were required for analysis. All of the samples were analyzed for urinary cotinine.
Methods
Smoking questionnaire
Subject information and cigarette smoking outcome data were collected in a structured interview. The available data were limited to the classification of smoking to three categories: never, former, or current. The majority of current and former smokers were able to provide information on the number of cigarettes they smoked and the duration of smoking. All subjects were questioned concerning their medical history and sociodemographic characteristics, including age, gender, education, and employment.
Laboratory analysis
Uric acid, creatinine, and urinary cotinine levels were determined by the enzymatic colorimetric method on the Konelab 30 TM analyzer (Thermo Electron Corporation). Cotinine was expressed as micrograms per micromol of creatinine in urine. SCN -levels were determined using selective electrodes (Ionometer SevenMulti S80 TM , Mettler Toledo, Schwerzenbach, Switzerland) and expressed as milligrams per liter in plasma.
Statistical analysis
The results were expressed as means ± standard deviation (SD). Standard descriptive statistics, correlation coefficients, and significance tests were calculated using the SPSS 17.0 program. Differences between mean values were evaluated by Student's t-test and between frequency values by the v 2 test. Comparisons between smokers and nonsmokers in uric acid levels were applied by analysis of variance (ANOVA) after adjustment to potential confounders' factors (factors of arthrosclerosis such as cholesterol, high-density lipoproteins [HDL] and low-density lipoproteins (LDL), alcohol drinking, creatinine, and body mass index [BMI]). A p-value of less than 0.05 was considered to represent a statistically significant difference between groups.
Results
We noted that plasma uric acid was significantly lower in smokers than in nonsmokers (p = 0.0003, Table 1 ). It was also significantly lower in smoking men than nonsmoking men (203 ± 100 vs. 337 ± 100; p \ 10 -7 ). The same result was found for women (171 ± 72 vs. 223 ± 130; p = 0.02) (Fig. 1) . After adjustment of plasma uric acid levels to confounders' factors, we noted a significant difference between smokers and nonsmokers (p \ 0.0001). Table 1 clearly shows that smokers have lower plasma urea levels than nonsmokers. We found a significant dissimilarity between smokers and nonsmokers in the urinary cotinine (p \ 10 -7 ) and plasma SCN -levels (p \ 0.0005). In this study, we found a significant difference between subjects smoking more than 20 cigarettes/day and those smoking less than 20 cigarettes/day (v 2 = 22.4; p \ 10 -7 ). We noted a significant decrease of uric acid concentration when the smoking duration exceeds 5 years (v 2 = 3.89; p = 0.04) ( Table 2 ).
The number of cigarettes smoked/day was significantly higher in subjects having uric acid values below 200 lmol/ L than in others (24 ± 9.58 vs. 19 ± 9.55 cigarettes/day; p = 0.01).
A statistically significant negative correlation was noted between the smoking status parameters, including both the number of cigarettes smoked/day (F 3-161 = 12.063; r = -0.9968; p \ 0.05; Fig. 2a ) and the duration of smoking (F 3-161 = 1.305; r = -0.9406; p = 0.0274, Fig. 2b) , and plasma uric acid. Figures 3 and 4 show a negative correlation between urinary cotinine and plasma uric acid levels (r = -0.580), and between plasma SCN -and uric acid concentrations (r = -0.437).
Discussion
Many, but not all, epidemiological studies have suggested that high plasma uric acid is a risk factor for cardiovascular diseases, and they aimed at evaluating its prognostic implications and potential utility in the therapy monitoring [9, 10] . This raised level of plasma uric acid, parallel to an increased risk of cardiovascular diseases, could be either primary or secondary to the underlying causes of the cardiovascular diseases [11] . However, the specific role of plasma uric acid in this constellation remains uncertain, although it may be involved in the platelet adhesiveness, aggregation, or inflammation, and it may be implicated in the genesis of hypertension [12] . In contrast, there is some evidence that the increase of plasma uric acid is protective against the cardiovascular diseases, since uric acid acts as an endogenous antioxidant [12, 13] , and the higher plasma uric acid levels found in cardiovascular diseases patients suggest that any protective antioxidant effect of uric acid is hidden by other negative effects in these pathogeneses.
In this study, the plasma uric acid level in smokers was significantly lower than in nonsmokers (p = 0.0003), both in men (p \ 10 -7 ) and in women (p = 0.02). This could confirm the effect of cigarette smoking on uric acid levels independently of the gender. In addition, we noted a significant negative correlation with the smoking status, including the average number of cigarettes smoked/day and the smoking duration. Moreover, we noted that the uric acid levels decrease when the smoking duration exceeds 5 years. This finding is in agreement with other studies showing a low plasma uric acid in regular smokers [14] and a reduction of antioxidants, including uric acid, in smokers, indicating that oxidative stress increases each time a cigarette is smoked [15, 16] . Other studies proved that even nonsmokers exposed to cigarette smoke have a significantly lower plasma antioxidant status than unexposed nonsmokers, independently of the differences in the dietary antioxidant intake [16] . Others studies proved that the administration of uric acid increases the circulating antioxidant defenses and allows the restoration of endothelium-dependent vasodilatation [17] . A decrease of uric acid in smokers can be explained by the inactivation of xanthine oxidase by cyanide, which is eliminated as thiocyanate [18, 19] . Therefore, high plasma uric acid concentrations might be protective in situations characterized by an increase of cardiovascular risk and oxidative stress, such as smoking [14] , and a reduction of its level, which increases susceptibility to oxidative damage and accounts for the excessive free radical production [16] . Therefore, the possibility that uric acid confers protection against the development of atherosclerosis, in view of its antioxidant properties, has been recognized [16] .
In this study, we found a significant decrease of plasma creatinine levels in smokers compared to nonsmokers, although these values are not pathological. This can confirm that all of the subjects studied are without any renal failure, since the determination of creatinine has been reported to be useful in evaluating the renal handling of uric acid and as concentrations of this parameter are highly dependent on endogenous production as well as on renal excretion [19, 20] . Therefore, the low plasma uric acid level in smokers is attributed to a reduction of endogenous production.
This finding is in agreement with other studies that proved that the reduction of antioxidants, including uric acid in smokers, is due to both the chronic exposure to cigarette smoke, which is a significant source of oxidative stress, and to the low intake of dietary antioxidants [21] .
Some of the relationships between tobacco and urea or uric acid are very significant; however, they are all very weak. If these relationships have the same origin, a hypothetical renal mechanism must first be considered. In fact, the blood urea is a product of the catabolism of proteins and their amino acids, whereas uric acid originates from the oxidation of purines. Moreover, the two molecules, while circulating in the blood, remain unlinked, either directly or by a common carrier. On the contrary, they are both excreted by the kidney, and in the disease processes, they generally vary in the same way: a rise in blood uric acid is well known as an early sign of renal failure. An increase in the renal excretion of urea and uric acid under the influence of tobacco is, therefore, a reasonable hypothesis, and it is supported by the known action of nicotine on the metabolism of catecholamines and the effect of these substances on renal function [22] .
Urinary cotinine and plasma SCN -concentrations were both significantly higher in smokers than in nonsmokers, and they were well correlated with the number of cigarettes smoked per day and with the duration of consumption. Although cotinine and plasma SCN -are influenced by diet and industrial pollution, it remains a reliable indicator of the smoking status [23] .
We found a negative correlation between the plasma uric acid level and both urinary cotinine concentration (r = -0.580) and plasma SCN -concentration (r = -0.437) in active smokers. The important correlation found between urinary cotinine and plasma uric acid in smokers was not surprising because the urinary cotinine and plasma SCN -levels were determined as a marker of tobacco smoke exposure [24] .
In our study, plasma antioxidant levels were closely, but inversely, related to the levels of plasma nicotine metabolites. It can be explained that more regular cigarette smoking will markedly affect plasma nicotine metabolites, and, thus, decrease plasma antioxidant levels. Furthermore, our finding suggests that plasma nicotine metabolites are appropriate as biomarkers for smoking consumption. These biomarkers should be applied in future studies on cigarette smoking.
Limitations
Several methodological limitations should be considered when interpreting these findings. First, larger sample sizes of the groups would be beneficial. Second, our work is a cross-sectional study that does not permit to follow up biological parameters. Finally, the sample of smokers may not be representative of more heterogeneous populations.
Conclusion
After the exclusion of other factors affecting uric acid levels, the significant low plasma uric acid level in smokers was attributed to a reduction of endogenous production as a result of the chronic exposure to cigarette smoke that is a significant source of oxidative stress. Therefore, cigarette smoking may influence oxidative stress by affecting the levels of plasma antioxidants, which may be involved in the mechanisms underlying various diseases. As this reduction is proportionate with the smoking status and leads to cardiovascular diseases, it is recommended to stop or reduce smoking and to introduce plasma uric acid estimation as a routine test, since it is cheap and simple to reflect the antioxidant status.
